In this paper, multivariate Padé approximation is applied to power series solutions of nonlinear diffusion equations. As it is seen from tables, multivariate Padé approximation (MPA) gives reliable solutions and numerical results.
Introduction
In recent times,univariate and multivariate Padé approximation have been successfully applied to various problems in physical and engineering sciences [1] [2] [3] [4] [5] [6] [7] . As it is indicated in [16] "a Padé approximation can be far more accurate than a Taylor approximation. Essentially, it is a consequence of the famous 'Montessus de Ballore' theorem,which established in 1902 the uniform convergence of Padé approximants on compact subsets excluding the poles [16] ". Although most of the power series expansions fail to converge outside the disk of convergence, a Padé approximation of a function can give better numerical solutions. The definitions and theorems of multivariate Padé approximations were constructed on univariate Padé approximations [14] . But if it is examined we realize that the applications of univariate and multivariate Padé approximation are different from each other [14] , so new definitions and theorems have been constructed to overcome difficulties by the time [16] . Chisholm proposed one of the first definitions in 1973 [17] . Levin developed a general definition [18] , after that Cuyt also made important contributions on homogeneous Padé approximations and uniform convergence results for the multivariate Padé approximants [19, 20] . In this paper, multivariate Padé approxi-*Corresponding Author: V. Turut: Department of Mathematics, Faculty of Science and Letters, Batman University, 72060 -Batman, Turkey, E-Mail: veyisturut@gmail.com mations were applied to the solutions of nonlinear diffusion equations in the form [8] :
Subject to the initial condition:
The details about nonlinear diffusion equations can be seen in [8, 15] .
Variational iteration method
The basic concepts and principles of variational iteration method can be seen in [9] [10] [11] [12] [13] . Sadighi and Ganji [8] constructed respectively the following correction functional and iteration formula by using the basic concepts and principles of variational iteration method:
where δD(un) is restricted variation. The Lagrange multiplier has been identified as λ = −1.
Multivariate Padé approximation
Consider the bivariate function f (x, y) with Taylor power series development
around the origin [14] . The Padé approximation problem of order for f (x, y) consists in finding polynomials
such that in the power series (fq − p) (x, y) the coefficients of x i and y j by solving the following equation system;
where C k = 0 if k < 0. If the equations (8) and (9) are solved then the coefficients A k (k = 0, . . . , m) and B k (k = 0, . . . , n) are obtained. So polynomials (6) and (7) are found. Polynomials p(x, y) and q(x, y) are called Padé equations [14] . So the multivariate Padé approximant of order (m, n) for f (x, y) is defined as,
Applications and results
In this section multivariate Padé series solutions of nonlinear diffusion equations shall be illustrated by two examples.
All the results were calculated by using the Maple software suite. The full VIM solutions of examples can be seen in Sadighi and Ganji [8] . Example 1. Consider a slow diffusion process [15] 
where c > 0 is an arbitrary constant. According to the iteration formulas (3), (4) Sadighi and Ganji [8] and by using decomposition method Wazwaz [15] obtained following solution, 
The exact solution of (13) is given as u (x, t) =
c−6t in [15] . If the multivariate Padé approximation is applied to equation (13) for m = 4 and n = 2, according to the equation system (8) and (9) the following Padé equations are obtained;
and
So the multivariate Padé approximant of order (4, 2) for equation (13) is,
If the multivariate Padé approximation is applied to equation (13) for m = 5 and n = 2, according to the equation system (8) and (9) So the multivariate Padé approximant of order (5, 2)for equation (13) is,
If the multivariate Padé approximation is applied to equation (13) for m = 6 and n = 2, according to the equation system (8) and (9) 
where h and c , c > 0, are arbitrary constants. According to the iteration formulas (3), (4) Sadighi and Ganji [8] and by using decomposition method Wazwaz [15] obtained following solution, 
The exact solution of (23) is given as u (x, t) = 1 2
in [8] . If the multivariate Padé approximation is applied to equation (25) for m = 2 and n = 2, according to the equation system (8) and (9) 
If the multivariate Padé approximation is applied to equation (25) for m = 3 and n = 2, according to the equation system (8) and (9) 
Conclusion
In this paper, rational power series solution of various kinds of nonlinear diffusion equations were constructed by multivariate Padé approximations.The approximation is effective, easy to use, and reliable.The main benefit of the approximation is to offer rational approximation in a rapid convergent rational series form.
